P ediatric patients with traumatic brachial plexus injuries constitute only a small percentage of all brachial plexus lesions, and consisted of 1.1% of all injuries in a previous patient series. 5 Rarer still are pediatric patients with isolated axillary nerve injuries. These injuries often occur after trauma to the shoulder or less frequently as a complication of shoulder surgery. 15, 17 They may initially also present with a more extensive pattern of brachial plexus injury, with spontaneous recovery of other components resulting in residual deltoid muscle weakness that necessitates surgical intervention.
While nerve grafting has been recommended for repair of axillary nerve lesions, 10, 18 the triceps motor branch transfer to the axillary nerve for reinnervation of the deltoid muscle, as initially described by Leechavengvongs et al. 13, 22 for treatment of lesions of the upper trunk, has been increasingly used in lieu of nerve grafting by our group and others 3, 7, 12, 19 for treatment of isolated axillary nerve lesions. The triceps motor branch transfer has the advantage of having the donor nerve much closer to the deltoid, resulting in a shorter distance required for nerve growth to the motor end plate. In theory, this results in faster and better nerve recovery. 8 In addition, as many axillary nerve injuries occur in the quadrilateral space, nerve grafts of at least 8 cm in length are often required to bridge the gap.
1 It has been reported that patients with axillary nerve grafts longer than 7 cm had poorer recovery of shoulder abduction. 11, 20 Hence, nerve grafts may not be the best treatment option in long segment defects. As the triceps motor branch is synergistic to shoulder abduction and external rotation, the triceps motor branch transfer facilitates postoperative rehabilitation and reeducation of the deltoid muscle. DiSclOSure The authors report no conflict of interest concerning the materials or methods used in this study or the findings specified in this paper.
In the adult population treated with triceps motor branch transfer for isolated axillary nerve injuries, we found that a treatment delay of more than 9 months, increased age, and increased body mass index (BMI) adversely affected outcome of the procedure. 12 In the pediatric population, however, there is little to no published data on outcomes of this procedure. Thus, the aim of this study was to present the outcomes of triceps motor branch transfer for isolated axillary nerve injury in a pediatric population with traumatic injuries.
Methods

Study Population
Following approval by the Mayo Clinic institutional review board, we performed a retrospective chart review of all patients treated with triceps motor branch transfer for isolated axillary nerve injuries between 2002 and 2012 in our institution. Inclusion criteria included all pediatric patients 17 years of age or younger at the time of surgery who had isolated axillary nerve injuries treated by transfer of the triceps motor branch of the radial nerve to the anterior division of the axillary nerve. All patients had at least 12 months of postoperative follow-up. Axillary nerve palsy was differentiated from suprascapular nerve palsy by using the active shoulder extension test and the abduction in internal rotation test. 2 Electromyography was used to confirm the clinical diagnosis of axillary nerve injury. Findings included an absent axillary nerve motor response, as well as fibrillation potentials and absence of motor unit potentials in the deltoid muscle. Patients were considered for surgery at least 3 months after the initial injury, when there was no evidence of deltoid muscle function on physical examination or electromyographic evaluation. Exclusion criteria for this review included the presence of other nerve injuries requiring reconstruction. There was a total of 8 patients with isolated axillary nerve injuries in this time period, 6 of which were reconstructed with triceps motor branch transfer, which made up the cohort for this study.
Surgical technique
The technique used has been previously described and was adapted from the technique described by Leechavengvongs et al. 13 ( Fig. 1) . While a transaxillary approach can be used, we prefer a posterior approach because we believe that this provides a more direct access to the axillary and radial nerves. Briefly, a longitudinal incision was made on the posterior arm from the acromion to the middle of the arm. The deltoid was retracted anteriorly and the axillary nerve identified in the quadrilateral space. The axillary nerve was then mobilized proximally to identify anterior and posterior divisions. The anterior division was dissected free and divided as proximally as possible. The posterior division of the axillary nerve, which innervates the teres minor (a shoulder adductor), was left intact. The interval between the long and lateral heads of the triceps muscle was then opened to identify the radial nerve and its branches to the triceps. The motor branch to the long head of the triceps was then identified and confirmed with electrical stimulation. The triceps motor branch was then divided distally and sutured to the anterior division of the axillary nerve with 9-0 nylon sutures with the aid of an operating microscope, to ensure a tension-free coaptation. The nerve transfer was reinforced with a split collagen nerve tube (Neurotube, Integra Life Sciences) and fibrin glue (Tisseal, Baxter Inc.). Patients were immobilized for 3 weeks postoperatively to allow maturation of the nerve coaptation, after which passive range of motion and active range of motion were encouraged.
results
Demographics of the 6 patients are presented in Table  1 . The average age was 14.2 years (range 10-17 years). All patients were male. Mechanisms of injury included motor vehicle accidents (MVAs, n = 2) and motorcycle accidents (n = 2), with 1 patient each sustaining injury after snowboarding and after shoulder surgery. All patients underwent nerve reconstruction within 8 months after the inciting injury. Body mass index was relatively homogenous in our population, with all patients having a normal BMI (mean 21.7, range 18.4-24.5). Three patients (Cases 1, 2, and 4) had a number of concomitant injuries due to polytrauma caused by a high-velocity mechanism of injury. The mean length of follow-up was 38 months (range 12-74 months).
Outcome data are shown in Table 2 . The modified British Medical Research Council (MRC) Grades 3+ and 4+ were indicated as 3.5 and 4.5, respectively. Preoperative MRC grading of deltoid muscle strength was 0 in all patients. The average postoperative MRC grading of deltoid muscle strength was 3.6 ± 1.3. The median postoperative MRC grade was 4. Five of the 6 patients regained MRC Grade 3 or greater deltoid muscle strength. One patient (Case 2) only regained MRC Grade 1 strength and eventually underwent shoulder tendon transfers to improve function. Figure 2 shows outcomes in 2 patients (Cases 3 and 5).
Discussion
Nerve transfers have been shown to be superior to traditional nerve grafting for restoration of shoulder and elbow function in adults with traumatic upper plexus palsy. 8 In adults with axillary nerve palsy, a single-surgeon series reported similar outcomes with nerve grafts and triceps to axillary nerve transfer. 23 Good outcomes following nerve grafting for treatment of isolated axillary nerve injury in adults have been reported. 4, 16 At this point, the literature on adult axillary nerve injuries does not appear to favor either nerve grafts or nerve transfers.
In the pediatric population with traumatic brachial plexus injury, little has been published about outcomes of nerve transfers or nerve grafts for axillary nerve injury. Isolated case series and case reports describe the efficacy of different nerve transfers in children following traumatic brachial plexus injuries. 6, 9, 14, 21 A small series of 4 pediatric patients with isolated axillary nerve injuries treated with nerve grafts or neurolysis recovered MRC Grade 4-5 function. 6 While there are published data showing the efficacy of triceps motor branch transfer for treatment of isolated axillary nerve palsy in adults, 3, 7, 12, 13 there are few data demonstrating its efficacy in a pediatric population with traumatic injuries. While many of these injuries may recover without surgical intervention after 3-4 months, a number of patients with persistent paralysis of the deltoid require surgical intervention. Due to the necessity of waiting for spontaneous recovery of isolated axillary nerve injuries, we encountered a delay of 4-8 months between the time of injury and surgery. When nerve grafts were used for treatment of axillary nerve lesions, a delay of 6 months resulted in poorer outcomes, 4 while Terzis and Barmpitsioti 20 reported that a denervation time of less than 4 months resulted in improved shoulder function following axillary nerve reconstruction. Hence, our preference is to perform nerve transfers for treatment of isolated axillary nerve injuries. Unlike nerve grafts, nerve transfers bypass the area of injury and decrease the time to regeneration, as the area of nerve coaptation is closer to the motor end plate. Transfer of the triceps motor branch to the anterior division of the axillary nerve prevents unnecessary regeneration of axons to the teres minor muscle and the superior lateral cutaneous nerve. 13 In the adult population, advanced age, BMI of the patient, and delay from injury to surgery were found to correlate adversely with outcomes. However, we did not find this association in our series. This lack of an association is likely a result of the homogenous patient cohort, in which all patients were male and had a normal BMI. The patient (Case 2) who underwent an operation the earliest, 4 months following the inciting injury, had the worst outcome. Insufficient data are available based on this small series to conclude if a longer delay from injury to surgery will result in similarly good outcomes. This study has a number of limitations, chief of which is its retrospective nature and small sample size. The number of pediatric patients with isolated axillary nerve injury requiring reconstruction is extremely small, and this injury is rare in clinical practice, preventing the accrual of a large case series. In addition, with a longer followup duration, some of our patients might have experienced improved outcomes. However, many of our patients come from some distance away, and logistic and financial issues often prevent return for long-term follow-up. 
